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(54) Cell search method and mobile station apparatus 



(57) Search control means 8 of a mobile station 
apparatus divides a search window received into a 
nunrd^er of search widths con^^ponding to the number 
of search correlators 3 and makes each of correlators 3 
carry out conrelative detection about these divided 
search widths simultaneously in a 1 st integrating time. It 
further selects multiple phases in descending order of 
detected correlative values, makes each correlator 



carry out correlative detection about these selected 
phases simultaneously in an integrating time longer 
than the 1st integrating time and combines powers of 
correlative values by the number of demodulate 
phases starting from the largest detected con-elative 
value. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to cell search 
methods and mobile station apparatuses usaJ for cellu- 
lar systems such as digital car telephones and portable 
telephones. 

Description of the Related Art 

[0002] In cellular radio systems such as car tele- 
phones and portable telephones, the FDM A (Frequency 
Division Multiple Access) system and TDMA (Time Divi- 
sion Multiple Access ) s ystem, etc. are conventionall y 
known as multiple access systems in which multiple sta- 
tions perform communications simultaneously using the 
same frequency band. 

[0003] In addition, the CDMA (Code Division Multiple 
Access) system using a spread spectrum system is a 
system which achieves higher frequency utilization effi- 
dency and accommodates more users than these tech- 
niques. 

[0004] This spread spectrum refers to a system which 
transmits a signal whidi contains information by 
spreading it to a band wider than the band of the signal. 
It is divided into two types; a direct sequerice (OS) sys- 
tem and frequency Njpping (FS) system. Of these two 
systems, the direct sequence/spread spectrum (DS/SS) 
system the mainstream for systems introduced for 
satellite communications and ground nK)bile communi- 
cations because it has tiie advantage that it can easily 
be implemented in actual apparatuses. 
[OOO^ This spread spectrum communication system 
Is a system in whidi information signals are spread over 
a suffidently wide range of radio bands compared to a 
minimum required bandwidtii. providing excellent confi- 
dentiality, secrecy and interference resistance. On the 
other hand, the direct sequence system is a spread 
spectrum communication system In which a spreading 
code Is carried on an information signal as it is when it 
Is spread. 

[0006] In such a CDMA system, it is effective to use 
codes with a high level of orthogonality as spreading 
codes for the purpose of Increasing the capacity. How- 
ever, since tiie number of Walsh codes or orthogonal 
Gold codes known as codes with a high level of orthog- 
onality is limited to the same number as their code 
length, seoiring the number of spreading codes to be 
assigned to users requires tiie use of a combination of 
short codes whose cyde is equal to the symbol length 
of Information arKi long codes whose cyde is greater 
than tiiat of these short codes (USP51 03459). 
[0007] In this case, using a method of using one long 
code for all base station apparatuses in the down link 
and assigning different long code phases to different 



base station apparatuses can maintain the ortiiogonal- 
ity of all users in the same cell. Furthermore, since sig- 
nals in other cells are spread with different long code 
phases, they are converts to noise, making it possible 
to minimize interference. In a system using such a long 
code, a mobile station needs to acquire and maintain 
synchronization of tiie long c(xJe during communication. 
[0008] In a cellular system, if a mobile station is pow- 
ered on. or if communication between tiie mobile station 
ard base station apparatuses is inten^upted, or when 
the mobile station carries out handover, that is, it 
switches tiie base station apparatus with which it com- 
municates as the position of the mobile station changes 
during communication, if the mobile station specifies tiie 
switched base station apparatus, ttie mobile station 
needs to identify which base station apparatus is cur- 
rentiy closest to it and which base station a p paratus is 
tiie best one to communicate with. This is called "cellu- 
lar search. 

[0009] In a cellular system using tiie CDMA system, 
one of the cellular search methods is a metiiod in which 
all base station apparatuses transmit a pilot channel 
which is spread with the same long code, while a mobile 
station apparatus carries out correlative detection of all 
phases of the spreading code of tiie pilot channel 
received, and the base station apparatus which is trans- 
mitting witti the phase having tfie maximum con^elative 
value, that is. the maximum strengtti of the pilot diannel 
is identified as the base station apparatijs dosest to tiie 
mobile station apparatus (USP4901307). 
[0010] Furthermore, ttiere is another method to 
achieve a speedy cell search: When a mobile station 
apparatus carries out a cell search while communicat- 
ing or waiting for communication, the base station appa- 
ratus with which it is ojrrentiy communicating notifies it 
of the range of the phase presence (called "search win- 
dow width") estimated from the long code phase infor- 
mation used by t>ase station apparatuses which 
currentiy exist in tiie periphery, differences in tiie recep- 
tion timing of the mobile station apparatus due to differ- 
ences in locations where tiie peripheral base station 
apparatuses are installed, and multi-patii delay vari- 
ance, thus lintiting tiie long code phase to be search^ 
by the mobile station apparatus, and hence speeding up 
a cell search. 

[001 1 ] In addition, there is a 2-stage pause synchroni- 
zation capturing method as tfie method to cany <HJt a 
high-speed cell search. In the 1st stage of this method, 
correlative detection is carried out on phases in the 
search window sequentially with an integrating length 
whidi Is set every time Sorter arKi if the corrdative 
value exceeds a threshold, the correlative \^lue is 
obtained with an integrating length long enough to 
achieve tiie accuracy of tiie con'elative value, and tiie 
sb'engtii of the pilot channel is deteded in this way. 
[0012] However, if tiie mobile station apparatus is 
moving at a high speed, or if base station apparatuses 
are dustered dose togettier in big cities, etc. where 
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FIG.4 illustrates a conceptual drawing of the opera- 
tions of correlators of a mobile station apparatus 
according to Embaiiment 3 of the present inven- 
tion; 

5 FIG.5 illustrates a block diagram showing the over- 
all configuration of a mobile Nation apparatus 
according to Embodiment 4 of the present inven- 
tion; 

FIG.6 illustrates a conceptual drawing of the opera- 
10 tions of correlators of the mobile station apparatus 
according to Embodiment 4; and 
FIG. 7 illustrates a conceptual drawing of the opera- 
tions of correlators of a mobile station apparatus 
according to Embodiment 5 of the present inven- 
75 tion. 



there is a great number of subscn*bers, the number of 
phases to be searched increases and the surrounding 
ceil environment changes quickly, and ttius this method 
has the problem that it requires faster cefl search than 
the conventional technology above. Furthermore, in the 
2-stage pause synchronization capturing method, rf a 
threshold to be set Is too low, almost all phases need 
long-hour integration, making it difficult to carry out a 
high-^eed cell search. On ttie other hand, if a threshold 
to be set is too high, there is no phase that exceeds this 
threshold, making a search itself impossitrfe. In particu- 
lar, this method has the problem that it is difficult to set 
an appropriate threshold in an ever-changing mobile 
communication environment. 

SUMMARY OF THE INVENTION 

-1001^]— -The-pr^ent-invention-has^>een-implemented 

taking account of the problems above and it is an objec- 
tive of the present invention to provide a cellular search 20 
method and mobile station apparatus that can carry out 
a fast cell search during communication or waiting time 
and reduce power consumption simultaneously. 
[0014] The present invention divides the search win- 
dow received from a base station apparatus into a 25 
number of search widtiis con^esporxJing to the number 
of search correlators and makes each con-elator simul- 
taneously carry put con-elative detection for these 
divided search widths in a 1st integrating time. 
[001 5] It further selects multiple phases in high-to-low 30 
order of these detected con^elation values, makes each 
conrelator simultaneously carry out correlative detection 
for these selected phases in an integrating time longer 
than the first one and combines powers of the correla- 
tive values by tiie number of demodulable phases start- 35 
ing from the largest detected correlative value. 
[0016] This configuration allows multiple search 
phases to be selected in descending order in the size of 
detected correlative values, eliminating the necessity of 
setting thresholds and providing a highly reliable and 40 
high-speed cell search. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 45 

FIG.1 illustrates a block diagram showing the over- 
all configuration of a mobile station apparatus 
according to Embodiment 1 of the present inven-. 
tion; so 
FIG.2 fliLKtrates a divided conceptual drawing of a 
search window of the mobile station apparatus 
according to Embodiment 1 of the present inven- 
tion; 

FIG.3 illustrates a conceptual drawing of the opera- ss 
tions of correlators of a mobile station apparatus 
according to Embodiment 2 of the pr^ent inven- 
tion; 



DESCRIPTION OF THE PREFERRED EMBODI- 
-MENTS 

[0018] With reference now to the attached drawings, 
the embodiments of the present invention are explained 
below. 

{Embodiment 1) 

[0019] FIG.1 is a block diagram showing tiie overall 
configuration of a mobile station apparatus according to 
Embodiment 1 of tiie present invention. When a signal 
transmitted from a bass station apparatus which is not 
shown in ttie figure is received, the received signal is 
input to recqDtion RF section 1 and converted to a base- 
band signal. AD conversion section 2 converts this 
baseband signal from analog to digital. This digital sig- 
nal is input to the 1st to Nth conrelators 3 and demodu- 
lation conrelator 4. Demodulation correlator 4 carries out 
despreading on the input signal using a code over which 
a data channel is spread and flie reception timing input 
from search control section 8 that will be described 
later. RAKE combining section 5 can-ies out RAKE com- 
bining on the output of this demodulation coaelator 4. 
Decoder 6 can-ies out error correction decoding on the 
output of this RAKE combining section 5 and outputs 
tiie received data. Control section 7 separates the 
phase and search window widtii of a base station appa- 
ratus subject to a cell search from the received data 
input from decoder 6 and outputs it to search control 
section 8. 

[0020] On the other hand, the 1 st to Ntii search con-e- 
lators 3 operate on the operating clock input from dock 
generator 9 and detect a con-elative value of tiie pilot 
channel at a phase that is not shown in tiie figure indi- 
cated from search cortrol section 8 on the digital signal 
input from AD converter 3 and outputs tiiis detected cor- 
relative value to search control section 8. Search control 
section 8 uses the search phase and search window 
width input from control section 7 to indicate the phase 
subject to con-elation detection to the 1st to Nth search 
correlators 3 and outputs tiie control signal to dock gen- 
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and high-speed cell search without setting thresholds. 
Furthermore, when there is no need to carry out a high- 
speed cell search, It can stop more than one correlator 
and insert a time for the correlators to stop during the 
cell search cyde, allowing a reduction of power con- 
sumption without deteriorating the search performance. 
[0048] This application is based on the Japanese Pat- 
ent Application No. HEI 9-364569 filed on December 
18. 1997, entire content of which is expressly incorpo- 
rated by reference herein." 

Clafnis 

1 . A cell search method comprising the steps of: 

receiving information with reject to a search 

window from a base station apparatus. _ 

dividing the search window of a base station 
^sparatus to be searched into a plurality of 
search widths. 

detecting a congelation of each of the plurality of 

search widths in parallel to obtain a correlation 

value in a first integrating time, 

selecting a phase in order of larger correlation 

value. 

detecting the conrelation of each of these 
selected phases in a second integrating time 
longer than the first integrating time 
combining the correlation valu^ by the number 
of demodulable phases starting from the larg- 
est detected correlation value. 

2. The cell search method according to claim 1 , fur- 
ther comprising the step of keeping the cell search 
cyde constant when the number of peripheral base 
station apparatuses whose search window is noti- 
fied from the base station apparatus is less than a 
predetermined value, by inserting a non-operation 
time after a search ends. 

3. The cell search method according to claim 1 . fur- 
ther comprising the step of changing the non-oper- 
ation time to be inserted after a cell search ends 
according to the change of the window width to 
keep tiie cell search cyde constant 

4. The cell search metiiod according to daim 1, fur- 
ther comprising the step of cortrolling the number 
of conrelation detection performed in parallel 
according to the number of peripheral base station 
apparatuses. 

5. The cell search metiiod according to claim 1, fur- 
ttter comprising the step of detecting tfie mobile 
speed of the mobile station apparatus itself; 

setGng a longer cell search cyde according to 
deceleration of the mobile speed; and 



inserting a non-operation time to fill tiie remain- 
ing time of the ceil search cyde after a search 
ends. 

5 6. A mobile station apparatus, comprising: 

a plurality of search correlators (3) ioc detecting 
a correlation of a pilot channel assigned to a 
base station apparatijs to be searched to 
10 obtain a con-elation value; 

search control means(8) for conti'oliing phases 
to be detected the correlation and operations of 
the search conelators. 

rec^ion means(l) for receiving a code phase 

15 and search window of a pilot channel assigned 

to a peripheral base station apparatus, 

wherein said search control means ( 8) divides 

said received search window into a plurality of 
search widths corresponding to the number of 

20 said search con-elators, makes each correlator 

detect the correlation of the divided search 
width simultaneously in a 1 st integrating time to 
obtain the correlation value, selects a plurality 
of phases in order of larger correlation value in 

25 descending order of th^e detected con-dative 

values, makes each correlator detect tiie con-e- 
lation of each of tiie selected phases simulta- 
neously in an integrating time longer than the 
first integrating time to obtain the correlation 

30 values, and corrtbines the correlation values by 

the nuni^er of demodulable phases starting 
from tiie largest detected correlation value. 

7. The mobile station apparatus according to claim 6. 
35 wherein: 

search control means(8) inserts a non-opera- 
tion time after a search ends when the number 
of peripheral base station apparatuses whose 
40 search window is notified from the base station 

is less than a predetenrdned value to which the 
base station apparatus notified the search win- 
dow falls short of a given nunr^er. 

45 8. The mobile station apparatus according to claim 6, 
wherein: 

search control means (8) keeps a cell search 
cyde constant by changing the non-operation 
so time to be inserted after a cell search ends 

according to a change to the window width. 

9. The mobile station apparatus according to claim 6. 
wherein: 

55 

search control means(8) changes the number 
of correlators used in detec^ng con-elation val- 
ues for detection of conrdative values acoord- 
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ing to the number of peripheral base station 
apparatuses. 

^ 1 0. The mobile station apparatus according to claim 6. 

conprising mobile speed detection means(10) for s 
J detecting the mobile speed of the mobile station 

apparatus itself, wherein: 

said search control means(8) sets a longer cell 
search cycle according to deceleration of said io 
mobile speed detected and inserts a non-oper- 
ation time to fill the remaining time of the cell 
search cycle after a search ends. 

11. A base station apparatis, which carries out com- is 
munications with the mobile station apparatus 
according to claim 6. 



12. A communication system, comprising a base sta- 
tion apparatus having communication means for 20 
notifying the code phase and search window width 
of a pilot channel used by a peripheral base station 
apparatus to a mobile station apparatus, and the 
mobile station apparatus according to claim 6. 
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